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RESEARCH  SUMMARY 

Bulldozers  are  an  effective  but  expensive  machine  for 
building  fireline;  therefore,  it  is  important  for  fire  managers  to 
have  some  means  of  estimating  the  rate  at  which  various 
sizes  of  bulldozers  can  build  fireline  in  different  fire  behavior 
fuel  models  and  slope  classes.  Handbooks  and  reports 
currently  available  show  bulldozer  production  rates  that  are 
revisions  of  studies  made  in  the  late  1950's  and  late  1960's. 
Not  only  are  the  production  rates  in  those  handbooks  and 
reports  outdated,  they  also  present  illogical  combinations  of 
fire  behavior  fuel  models,  and  they  do  not  differentiate  major 
differences  in  production  rates  for  upslope  and  downslope 
operation. 

The  goal  of  this  study  was  to  develop  production  rates  for 
bulldozers  manufactured  since  1965,  and  especially  for  those 
manufactured  since  1975.  Tentative  rates  that  were  derived 
mathematically  were  published  in  1984.  Verification  of  those 
rates  was  tested  in  the  field,  measuring  the  production  rates 
for  bulldozers  as  they  constructed  firelines  around  prescribed 
fires.  This  report  presents  a  revised  table  of  production  rates 
based  on  the  results  of  the  field  tests.  The  table  gives  a 
range  of  production  rates  for  three  size-classes  of  bulldozers, 
a  more  logical  set  of  combinations  of  the  1 3  fire  behavior  fuel 
models  and  four  slope  classes  (both  upslope  and  downslope), 
and  specifies  rules  for  selecting  proper  rates  from  the  tables 
for  different  sets  of  field  conditions. 
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INTRODUCTION 

In  recent  years,  the  use  of  bulldozers  to  construct  fire- 
lines  around  wildland  fires  or  prescribed  fires  has  been 
curtailed  in  some  fi*agile  ecosystems.  The  heavy  machines 
are  still  valuable  in  many  situations,  however,  especially 
for  moving  large  volumes  of  vegetation  in  a  comparatively 
short  time  while  constructing  a  fireline  to  mineral  soil 
(fig.  1).  For  planning  purposes  wildland  fire  managers 
need  to  know  the  rates  at  which  bulldozers  can  be  ex- 
pected to  construct  firelines  in  different  combinations  of 
vegetation,  slope,  and  soil.  Unfortunately,  recent  fireline 
handbooks  and  other  publications  (British  Columbia 
Forest  Service  1976;  National  Wildfire  Coordinating 
Group  1980;  Schmidt  and  Rinehart  1982;  USDA  Forest 
Service  1980)  have  presented  production  rates  based  upon 
studies  made  some  20  to  40  years  ago  (California  Division 
of  Forestry  1967;  USDA  Forest  Service  1948).  The  rates 
in  those  publications  do  not  apply  to  more  modem  bull- 
dozers, are  presented  in  a  form  that  ignores  important 
differences  in  rates  of  constructing  firelines  upslope  and 
downslope,  and  in  some  cases  are  confusing  in  their  rela- 
tion to  various  fuel  models. 


In  1982-83  an  effort  was  made  to  update  older  rates  of 
fireline  construction  for  bulldozers.  Tentatively  updated 
rates  were  published  in  the  report  by  Phillips  and  Barney 
(1984).  Those  rates,  shown  in  tables  1  and  2,  were  de- 
rived mathematically  in  the  following  manner: 

1 .  Rates  obtained  in  earlier  field  studies  were  selected 
as  "base  rates"  (California  Division  of  Forestry  1967; 
Steele  1961). 

2.  The  base  rates  were  adjusted  to  fit  newer  models  of 
bulldozers  by  using  production  indexes  established  by  the 
manufacturers  of  bulldozers  for  earth-moving  applica- 
tions. 

3.  The  adjusted  rates  were  related  to  four  variables: 

a.  Each  of  the  13  fire  behavior  fuel  models  (Anderson 
1982). 

b.  Both  upslope  and  downslope  construction  of  fire- 
lines. 

c.  The  first  three  slope  classes  of  the  National  Fire- 
Danger  Rating  System  (Deeming  and  others  1977). 

d.  Three  size  classes  of  bulldozers  arbitrarily  estab- 
lished by  using  the  following  criteria: 


Figure  1 — Bulldozer  constructing  fireline  through  light  fuel  around 
an  area  scheduled  for  prescribed  burning. 
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Size  class 

Criteria 

Small 

Medium 

Large 

Weight  (tons) 

5-10 

11-20 

21-40 

Net  horsepower 

55-95 

100-195 

200-350 

Blade  width  (ft) 

8-9 

10-12 

13-16 

Track  gauge  (ft) 

5+ 

6+ 

Track  area  on 

1,500- 

3,000- 

4,300- 

ground  (in^) 

2,900 

4,200 

6,300 

NIIMS  type 

3 

2 
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Many  other  conditions  were  held  constant  and  were 
consistent  with  the  studies  of  Steele  and  the  Studies  of 
the  California  Division  of  Forestry:  single-pass  firehne, 
indirect  line  location,  only  the  best  qualified  operators, 
equipment  in  good  operating  condition,  no  lost  time, 
average  fire  behavior,  dry  soil  with  reasonably  good  trac- 
tion and  no  rock  obstacles,  air  temperature  ranging  from 
85  to  105  °F  (29  to  41  °C),  and  line  construction  during 
dayhght  hours  only.  The  rates  were  published  in  two 
tables  (republished  as  tables  1  and  2  in  this  report).  It 
was  noted  that  if  actual  conditions  varied  fi*om  the  as- 
sumed conditions,  then  the  production  rates  would  have 
to  be  adjusted  accordingly.  The  magnitude  of  adjustment 
was  not  indicated.  Field  verification  of  the  tentative  rates 
started  in  the  summer  of  1983  and  continued  through 
1986.  This  report  reflects  the  results  of  those  field  studies 
and  presents  revisions  to  the  tables  published  in  1984. 

Table  1 — Bulldozer  fireline  production  rates  (single  pass)  for 
bulldozers  manufactured  since  1975 


Slope  class  1  Slope  class  2      Slope  class  3 
Fire  behavior         (0-25%)  (26-40%)  (41-55%) 

fuel  model        Up     Down     Up     Down       Up  Down 

  Chains  per  hour  


Small 

bulldozers 

1,  2,  3 

63 

88 

4 

22 

29 

5 

63 

88 

6 

39 

59 

7 

39 

52 

8 

63 

88 

9,11,12 

22 

30 

Medium 

bulldozers 

1,2,  3 

88 

118 

4 

32 

47 

5 

88 

118 

6 

51 

75 

7 

51 

75 

8 

88 

118 

9,  11,  12 

32 

47 

10,13 

17 

23 

Large 

bulldozers 

1,2,  3 

91 

124 

4 

43 

60 

5 

91 

124 

6,  7 

63 

91 

8 

91 

124 

9.  11,12 

43 

60 

10,  13 

27 

38 

PLANNING  AND  CONDUCTING  THE 
VERIFICATION  STUDY 

As  part  of  the  initial  study,  a  procedure  was  developed 
for  testing  bulldozer  fireline  production  rates  (Phillips 
1983).  Based  upon  techniques  used  in  the  earlier  studies 
of  bulldozers  (California  Division  of  Forestry  1967;  Steele 
1961),  the  procedure  would  require  a  minimum  of  3  days 
of  field  tests,  at  least  three  bulldozers  (one  each  small, 
medium,  and  large  size),  18  people,  a  considerable  array 
of  supporting  equipment,  fuel  and  servicing  for  bulldozers 
and  other  vehicles,  and  expenses  for  travel,  housing, 
meals,  and  general  logistical  support.  Also  the  tests 
would  require  an  extensive  area  of  land,  including  several 
fuel  models,  which  would  be  disturbed  considerably  by  the 
bulldozers  building  fireline  to  mineral  soil.  For  compari- 
son, during  5  weeks  in  the  summer  of  1967,  the  California 
Department  of  Forestry  tested  four  small  and  three  me- 
dium bulldozers  which  involved  45  people  in  an  area  of 
several  hundred  acres.  The  decision  was  made  in  1983 
that  such  a  field  study  was  desirable  but  beyond  the  fiscal 
ability  of  the  USDA  Forest  Service  to  perform  at  that 
time. 

Another  alternative  was  selected.  The  field  verification 
of  bulldozer  fireline  production  rates  would  be  made  by 
following  bulldozers  as  they  constructed  hnes  around 


Table  2 — Bulldozer  fireline  production  rates  (single  pass)  for 
bulldozers  manufactured  since  1965-75 


Slope  class  1    Slope  class  2      Slope  class  3 
Fire  behavior         (0-25%)  (26-40%)  (41-55%) 

fuel  model        Up     Down      Up     Down       Up  Down 


 Chains  per  hour  -  -  

Small 
bulldozers 

14  61 

3  22 

14  61 

8  37 

8  37 

14  61 

3  13 


34  71 

4  30 

34  70 

7  47 

7  47 

34  71 

4  30 

3  9 


32  74 

11  36 

32  74 

20  51 

32  74 

11  36 

4  14 


36 

88 

14 

61 

1,  2,3 

63 

88 

36 

88 

12 

30 

3 

22 

4 

22 

29 

12 

30 

36 

88 

14 

61 

5 

63 

88 

36 

88 

22 

62 

8 

42 

6 

41 

57 

22 

58 

22 

56 

8 

35 

7 

41 

57 

22 

58 

36 

88 

14 

61 

8 

63 

88 

36 

88 

12 

30 

3 

11 

9,  11,  12 

22 

30 

12 

29 

Medium 

bulldozers 

58 

112 

35 

73 

1,  2,  3 

85 

112 

57 

107 

18 

53 

5 

31 

4 

30 

44 

16 

50 

58 

112 

35 

73 

5 

85 

112 

57 

107 

26 

78 

9 

48 

6 

49 

72 

26 

75 

27 

78 

9 

48 

7 

49 

72 

26 

75 

58 

112 

35 

73 

8 

85 

112 

57 

107 

18 

53 

5 

31 

9,  11,  12 

30 

44 

16 

50 

10 

25 

3 

11 

10,  13 

17 

25 

11 

24 

Large 

bulldozers 

62 

118 

35 

83 

1,  2,  3 

82 

111 

55 

105 

27 

62 

12 

40 

4 

38 

54 

24 

55 

62 

118 

35 

83 

5 

82 

111 

55 

105 

41 

90 

22 

57 

6,  7 

57 

82 

37 

80 

62 

118 

35 

83 

8 

82 

111 

55 

105 

27 

62 

12 

40 

9,  11,  12 

38 

54 

24 

55 

15 

34 

4 

16 

10,13 

24 

34 

13 

30 
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planned  prescribed  fires  and  going  wildfires.  This  alter- 
native, while  within  the  study's  fiscal  constraints,  had 
some  serious  shortcomings  as  it  turned  out. 

Early  in  the  verification  study  it  became  evident  that 
following  bulldozers  around  going  wildfires  was  not  too 
practical.  First,  during  the  years  of  the  study,  few  wild- 
fires occurred  that  were  reachable  by  the  study's  observer 
before  the  fires  were  contained.  On  two  fires  that  the 
observer  was  able  to  reach  quickly,  bulldozers  were  used 
only  to  place  protective  lines  around  residences.  Several 
times  the  observer  was  traveling  and  was  not  available 
when  potential  situations  for  study  arose;  that  was  the 
case  especially  in  the  summer  of  1985  when  so  many  large 
wildland  fires  occurred  in  California.  For  those  and  other 
reasons,  the  verification  study  was  confined  to  recording 
bulldozer  production  rates  during  the  construction  of 
firelines  around  planned  prescribed  fires  in  northern 
California. 

The  study's  observer  established  a  network  of  people 
who  were  involved  in  fuel  management  programs 
throughout  northern  California.  Regular  contacts  were 
made  with  15  Ranger  Districts  in  seven  National  Forests 
of  the  Forest  Service  and  nine  Ranger  Units  in  three  Re- 
gions of  the  Cahfomia  Department  of  Forestry.  Each 
spring,  telephone  calls  were  made  to  learn  which  adminis- 
trative units  would  probably  use  bulldozers  to  construct 
lines  around  planned  prescribed  fires.  Followup  calls 
were  then  made  throughout  the  spring,  summer,  and  fall 
months,  as  needed,  to  determine  exact  days,  times,  and 
locations  of  work  to  be  done. 

From  these  contacts  one  fact  soon  became  clear:  both 
the  Forest  Service  and  the  California  Department  of  For- 
estry no  longer  use  bulldozers  to  construct  firelines 
around  prescribed  fires  to  the  extent  that  they  did  just  a 
few  years  ago.  Two  primary  reasons  emerged:  (1)  at  a 
time  of  reduced  budgets  bulldozers  are  increasingly  ex- 
pensive to  operate,  and  (2)  bulldozers  ofi^n  disturb  the 
soil  to  an  unacceptable  degree.  Because  bulldozers  are  an 
expensive  tool,  the  Forest  Service  has  reduced  in  recent 
years  the  number  of  machines  it  owns  and  depends  more 
on  contractual  equipment.  In  the  case  of  the  California 
Department  of  Forestry,  that  agency  allows  private  land- 
owners to  use  their  own  bulldozers  to  construct  lines 
around  prescribed  fires  as  the  landowner's  major  contri- 
bution to  the  overall  cost  of  a  cooperative  fuel  manage- 
ment project.  As  the  study  soon  revealed,  private  bulldoz- 
ers are  sometimes  old,  poorly  maintained,  and  operated 
with  a  relatively  low  level  of  skill.  Production  rates  ob- 
tained fi*om  most  of  them  are  therefore  not  too  compa- 
rable to  the  rates  in  the  pubUshed  tables. 

As  another  means  of  reducing  use  of  their  own  bulldoz- 
ers, both  the  Forest  Service  and  the  California  Depart- 
ment of  Forestry  rely  more  on  established  roads  or  natu- 
ral breaks  in  laying  out  the  perimeters  of  prescribed  fires. 
That  technique  may  produce  a  prescribed  fire  that  is 
larger  or  a  different  shape  than  originally  planned,  but  it 
meets  the  agencies'  objectives  of  reducing  the  costs  of 
prescribed  fires  and  of  reducing  soil  disturbance.  The 
result,  in  terms  of  the  verification  study,  was  fewer  oppor- 
tunities to  study  bulldozer  production  rates  than  might 
have  been  expected  in  the  recent  past. 


Another  objective  of  the  verification  study  was  to  make 
at  least  some  tests  at  night.  Such  tests  were  attempted 
on  two  occasions,  but  it  was  found  that  required  observa- 
tions simply  could  not  be  made  well  at  night.  The  pri- 
mary problem  was  the  refi*action  of  the  bulldozer's  lights 
and  the  observer's  flashlight  through  the  thick  cloud  of 
dust.  It  was  difficult  or  impossible  to  see  well  enough  to 
anticipate  when  the  slope  was  changing  5  percent  or 
more,  to  identify  landmarks  for  measuring  points  of  slope 
changes  and  distances,  and  to  read  the  Abney  level.  Con- 
sequently, only  one  set  of  data  and  some  general  observa- 
tions were  obtained  for  night  operations. 

The  study's  observer  sought  and  managed  to  find  a 
range  of  operating  conditions.  Bulldozers  varied  widely  in 
terms  of  manufacturer,  age,  and  operating  condition. 
There  was  a  wide  range  in  the  experience  and  skill  of  the 
operators,  perhaps  the  single  most  important  factor  influ- 
encing bulldozer  production  rates.  Soil  conditions  were 
also  very  important  in  influencing  production  rates.  At 
two  locations,  granite  boulders  were  so  large  and  numer- 
ous that  constructing  any  sort  of  a  control  line  was  an 
accomplishment;  production  rates  were,  not  unexpectedly, 
exceedingly  slow.  At  the  other  extreme,  certain  firelines 
were  constructed  with  ease.  During  the  spring  of  1986,  at 
a  site  where  the  soil  was  still  damp  from  an  abnormally 
wet  winter,  bulldozers  obtained  excellent  traction  and  had 
little  difficulty  in  uprooting  heavy  chaparral  from  the 
moist  soil.  Observed  production  rates  were  much  greater 
than  those  found  in  tables  1  and  2.  Air  temperature 
throughout  the  verification  tests  was  never  a  limiting 
factor  in  the  operation  of  the  bulldozers,  generally  ranging 
between  80  to  96  °F.  Air  temperature  above  100  °F 
causes  some  bulldozers  to  overheat  and  produce  slower 
rates  of  line  construction. 

Table  3  shows  the  form  designed  for  recording  and  cal- 
culating data,  along  with  typical  data  and  remarks. 

Information  about  the  bulldozer  was  desirable  to  estab- 
lish the  machine's  age,  operating  characteristics,  and 
which  curve  of  production  rates  (Phillips  and  Barney 
1984)  should  be  used.  Although  it  was  impossible  to 
measure  each  machine's  mechanical  condition,  it  was 
assumed  that  both  the  USDA  Forest  Service  and  the 
California  Department  of  Forestry  provided  a  high  level  of 
maintenance.  Conversations  with  both  agencies'  employ- 
ees and  inspection  of  maintenance  books  for  a  few  ma- 
chines generally  confirmed  that  fact.  Perhaps  the  best 
subjective  measure  of  operator  skill  was  years  of  experi- 
ence, as  observed  during  the  four  summers  of  the  study. 

A  "line"  was  arbitrarily  defined  as  a  major  segment  of  a 
prescribed  fire's  perimeter,  generally  from  one  road  or 
anchor  point  to  another.  A  "run"  within  a  line  was  de- 
fined as  being  wholly  (or  nearly  so)  within  one  fuel  model 
and  within  a  5  percent  slope.  Whenever  either  of  those 
two  criteria  changed,  a  new  run  was  recorded  (table  3). 
Most  often  the  study's  observer  did  all  the  measuring  and 
recording  while  following  a  bulldozer.  Agency  representa- 
tives occasionally  assisted  the  observer,  especially  in 
measuring  distances,  as  their  time  permitted. 

Data  for  columns  1,  2,  3,  4,  6,  and  9  of  the  tally  sheet 
were  recorded  in  the  field.  Numbers  for  columns  5,  7, 10, 
11, 12,  and  13  were  calculated  later.  The  fire  behavior 
fuel  model  was  selected  in  agreement  with  the  agency's 
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Table  3 — Tally  sheet  for  recording  bulldozer  fireline  production  rates  in  verification  study' 


Bulldozer  size  (circle  one):    S    M    L  Line  No.  

Make,  Model,  Year   General  location 

Serial  No.    


Hour  reading,  start:    

finish:   Date  

Operator's  name   Observers 


Years  of  experience 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12)  (13) 

NFDRS 

Time  of  run 

Production  rate 

Fire  behavior 

slope 

Mins 

Hour 

Distance 

(chains/hour) 

Run 

fuel  model 

Slope 

class 

Min:Sec 

(0.01) 

(nearest  0.001) 

Slope 

Horizontal 

Test 

Table  ±A% 

Percent 

Degree 

Ft 

Chains 

1 

3 

-5 

-3 

-1 

1:40 

1.67 

0.028 

200 

3.03 

108 

118  -8 

2 

4 

-30 

-17 

-2 

4:03 

405 

.068 

197 

2.85 

42 

53  -21 

3 

4 

-15 

-9 

-1 

3:30 

3.50 

.058 

153 

2.29 

39 

47  -17 

4 

4 

-51 

-27 

-3 

5:00 

5.00 

.083 

305 

4.12 

50 

31  +61 

5 

1 

+22 

+12 

+  1 

3:44 

3.73 

.062 

351 

5.20 

84 

75  +12 

6 

1 

-5 

-3 

-1 

7:48 

7.80 

.130 

1119 

16.93 

130 

108  +20 

Air  temperature  about  92  °F.  Run  No.  1  in  annual  oats  about  3-4  feet  high.  Runs  Nos.  2-4  in  mature  chaparral  up  to 
30  ft  high  consisting  of  manzanita,  ceanothus,  live  oak,  coffeeberry,  toyon,  and  poison  oak.  Runs  Nos.  2  and  3  had  a  few 
outcrops  of  "tombstone  shale"  angled  upward  toward  dozer's  blade.  Runs  Nos.  5  and  6  in  shorter  grass  in  poor  soil. 


'Cols.  1,  2,  3,  4,  6,  9  =  field  observations; 
Cols.  5,7,8,  10,  11,  12,  13  completed  in  office; 
Col.  10:  Horizontal  dist.  (chains)  =  slope  dist.  (ft)  x  cos  slope  (°)  +  66. 


representative,  using  the  publication  by  Anderson  (1982). 
Slope  was  observed  with  an  Abney  level  (usually  aiming 
at  an  established  point  on  the  rear  of  the  bulldozer)  and 
recorded  in  both  percentage  (for  use  with  the  production 
curves  and  to  establish  the  slope  class  of  the  National 
Fire-Danger  Rating  System)  and  degrees  (for  calculating 
the  horizontal  distance  in  column  10  of  the  tally  sheet). 
Time  was  observed  with  a  stop  watch  in  minutes  and 
seconds  (column  6)  and  then  converted  to  hours  (column 
8)  for  use  in  calculating  the  production  rate  (column  11). 
Slope  distance  was  measured  with  a  100-foot  tape  on 
steep  and  rocky  slopes,  with  frequently  tested  pacing  on 
less  demanding  slopes.  To  obtain  horizontal  distance  in 
chains,  the  slope  distance  in  feet  was  multiplied  by  the 
cosine  of  the  slope  angle  in  degrees  and  divided  by  66  (a 
handheld  scientific  calculator  was  helpful!).  The  produc- 
tion rates  in  column  11  were  calculated  by  dividing  the 
horizontal  distance  (column  10)  by  time  (column  8).  The 
calculated  rates  were  then  compared  to  the  adjusted  rates 
(column  12)  taken  from  the  appropriate  curve  (Phillips 
and  Barney  1984). 


The  adjusted  rates  were  taken  from  the  curves  in  fig- 
ures 12-17  of  the  1984  publication  and  not  from  tables  4 
and  5  of  that  publication.  That  procedure  was  used  so 
that  the  rates  would  be  more  closely  related  to  the  actual 
slope  recorded  in  column  3  of  the  tally  sheet.  The  rates 
recorded  in  tables  1  and  2  were  only  for  the  midpoints  of 
the  broad  slope  classes  and  therefore  would  not  be  as 
accurate  as  rates  taken  ft-om  the  appropriate  points  on 
the  curves.  The  percentage  difference  between  the  ad- 
justed rates  (from  the  1984  publication)  and  the  observed 
rates  (fi-om  the  verification  study)  was  recorded  in  column 
13  of  the  tally  sheet. 

The  limited  opportunities  to  conduct  verification  studies 
in  the  field  produced  the  number  of  tests  shown  in  table  4. 
The  runs  and  distances  shown  in  table  4  were  distributed 
by  bulldozer  size,  fire  behavior  fuel  model,  and  slope  class 
as  shown  in  table  5.  As  table  5  shows,  few  combinations 
of  fuel  models  and  slope  classes  were  tested  enough  to 
permit  a  satisfactory  verification  of  the  adjusted  rates  in 
tables  1  and  2.  Nevertheless,  some  broad  interpretations 
of  the  data  can  be  made. 
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Table  4 — Tests  made  in  1983-86  to  verify  bulldozer  fireline 
production  rates 


Number 

Number 

Number 

Horizontal 

Year 

locations 

lines 

runs 

distance 

Chains 

1983 

2 

3 

16 

49.39 

1984 

3 

5 

38 

223.40 

1985 

8 

17 

51 

442.91 

1986 

3 

16 

91 

736.39 

Total 

16 

41 

196 

1,452.09 

Table  5 — The  number  of  runs  of  three  sizes  of  bulldozers  observed  during  the  verification  study,  distributed  according  to  fire 
behavior  fuel  model  and  slope  class 

Fire 

behavior  Slope  class  1  Slope  class  2       Slope  class  3  Total 

fuel  Bulldozer  (0-25%)  (26-40%)  (41-55%)  Total  horizontal 

model  size  Up      Down  Up      Down        Up      Down         runs  distance 


Chains 


1 

Medium 

25 

17 

2 

1 

45 

306.68 

2 

Small 

3 

2 

5 

19.20 

Medium 

2 

1 

3 

20.98 

Large 

9 

1 

10 

340.04 

3 

Medium 

1 

2 

2 

2 

1 

8 

30.91 

4 

Small 

4 

3 

13 

16 

3 

3 

42 

206.44 

Medium 

5 

5 

7 

11 

2 

6 

36 

161.60 

Large 

2 

3 

5 

10.52 

5 

Medium 

3 

2 

1 

6 

41.20 

6 

Medium 

4 

6 

1 

11 

100.61 

Large 

1 

1 

3.33 

7 

None 

8 

None 

9 

Medium 

9 

1 

10 

155.76 

10 

None 

11 

Small 

2 

2 

4 

15.92 

Large 

4 

3 

1 

1 

9 

36.16 

12 

Large 

1 

1 

2.74 

13 

None 

Total 

70 

48 

23 

38 

7 

10 

196 

1,452.09 
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RESULTS  OF  THE  VERIFICATION 
STUDY 

The  primary  objective  of  the  verification  study  was  to 
determine  how  well  the  observed  bulldozer  production 
rates  calculated  in  column  11  of  the  tally  sheet  (table  3) 
compared  with  the  adjusted  rates  in  tables  1  and  2.  This 
comparison  is  shown  in  table  6.  In  each  cell  of  the  table 
the  average  percentage  difference  of  the  observed  rate  is 
shown  as  being  greater  (+)  or  less  (-)  than  the  adjusted 
rate  and  is  followed,  in  parentheses,  by  the  number  of 
runs  from  which  the  average  percentage  difference  was 
derived.  The  average  percentage  difference  was  calcu- 
lated from  the  percentage  difference  for  each  run, 
weighted  by  the  length  of  the  run  in  chains.  Assuming 
that  at  least  10  runs  were  needed  to  provide  a  statistically 


valid  average,  then  few  cells  in  table  6  met  that  criterion. 
Even  where  the  number  of  runs  appeared  adequate  for 
statistical  analysis,  in  many  instances  the  data  were  con- 
ditional and  needed  careful  interpretation  for  the  various 
fire  behavior  fuel  models  (FBFM),  as  follows: 

Fire  Behavior  Fuel  Model  1 — ^As  table  6  shows,  data 
for  this  fuel  model  were  obtained  only  with  medium  bull- 
dozers and  almost  entirely  in  slope  class  1.  Assuming  the 
data  in  slope  class  1  were  accurate,  however,  the  adjusted 
rates  in  tables  1  and  2  should  be  increased. 

Fire  Behavior  Fuel  Model  2 — ^There  were  few  data 
for  this  fuel  model.  Nevertheless,  the  direction  of  change 
seemed  to  be  the  same  as  for  Fire  Behavior  Fuel  Model 
(FBFM)  1.  As  observed  in  the  field  studies,  there  was 
little  if  any  difference  between  FBFM's  1  and  2  in  respect 
to  their  resistance  to  line  construction  by  bulldozers. 


Table  6 — The  average  percent  difference  between  bulldozer  fireline  production  rates  observed  during  the  verification  study  and  the 
adjusted  rates  from  tables  1  and  2' 


Fire 
behavior 

Bulldozer 

Slope  class  1 
(0-25%) 

Slope  class  2 
(26-40%) 

Slope  class  3 
(41-55%) 

fuel  model 

size 

Up 

Down 

Up 

Down 

Up 

Down 

1 

Medium 

+18%(25) 

+3%(17) 

+26%(2) 

+30%(1) 

2 

Small 

Medium 

Large 

+53%(3) 
+20%(2) 
+154%(9) 

+24%(2) 
-41%(1) 
+  111%(1) 

3 

Medium 

-24%(1) 

-15%(2) 

-5%(2) 

+10%(2) 

-44%(1) 

4' 

Small 

Medium 

Large 

+97%(4) 
+45%(5) 

+  104%(3) 
+63%(5) 
-31%(2) 

+  113%(13) 
+  109%(7) 

+  124%(16) 
+52%(11) 
-66%(3) 

+251%(3) 
+313%(2) 

+  127%(3) 
+  102%(6) 

4' 

Medium 

+45%(5) 

+62%(5) 

+45%(4) 

-5%(7) 

+51%(2) 

5 

Medium 

+20%(3) 

-50%(2) 

-30%(1) 

6* 

Medium 
Large 

-9%(4) 
+51%(1) 

-9%(6) 

-49%(1) 

6* 

Medium 
Large 

+36%(1) 
+51%(1) 

+7%(3) 

-49%(1) 

7 

None 

8 

None 

9 

Medium 

+  107%(9) 

+91%(1) 

10 

None 

11 

Small 
Large 

+3%(4) 

^0%(2) 
-20%(3) 

+23%(1) 

-24%(2) 
-19%(1) 

12 

Large 

-31%(1) 

13 

None 

'Percentages  in  the  table  are  the  percent  differences  in  bulldozer  fireline  production  rates  followed,  in  parentheses,  by  the  number  of  runs  observed  to 
obtain  those  differences. 

^Includes  observations  made  at  a  site  where  soil  was  moist,  providing  bulldozers  with  excellent  traction  and  easing  the  uprooting  and  moving  of  heavy 
chaparral. 

'Includes  observations  made  only  at  sites  where  the  soil  was  summer-dry. 

'includes  observations  made  at  two  sites  where  there  was  a  continuous  expanse  of  large  granitic  boulders,  atypical  of  most  wildland  fires  in  this  fuel 
model. 

^Includes  observations  made  at  sites  where  the  soil  contained  amounts  and  sizes  of  rocks  more  typical  of  where  wildland  fires  occur  in  California. 
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Therefore,  the  authors  continued  to  combine  those  two 
fuel  models  for  the  purpose  of  publishing  bulldozer  fire- 
line  production  rates. 

Fire  Behavior  Fuel  Model  3 — Few  data  were  ob- 
tained for  this  fuel  model.  The  sparse  number  of  observa- 
tions indicated,  however,  that  FBFM  3  should  be  sepa- 
rated from  FBFM's  1  and  2  (they  are  together  in  tables  1 
and  2)  and  given  a  slower  production  rate. 

Fire  Behavior  Fuel  Model  4 — Unfortunately,  most  of 
the  data  obtained  for  this  fuel  model  (shown  in  table  6  on 
the  Une  for  FBFM  4^)  came  from  one  site  where  the  soil 
was  still  damp  from  the  above-normal  precipitation  of  the 
previous  winter  and  spring.  The  moist  soil  provided  ex- 
cellent traction  for  the  small  and  medium  bulldozers  that 
were  observed  and  also  allowed  the  machines  to  easily 
uproot  or  cut  the  stems  of  the  tall  (12  to  20  feet),  mature 
chaparral.  Because  of  the  moist  soil  and  the  cool  air  tem- 
perature (80  °F),  the  observed  production  rates  at  that 
site  were  phenomenally  good,  even  at  slopes  of  55  percent 
for  the  medium  bulldozers.  If  nothing  else,  the  observa- 
tions at  that  site  confirmed  the  much  higher  production 
rates  to  be  expected  from  bulldozers  when  operating  in 
moist  soils  with  few  inhibiting  rocks.  Although  the  au- 
thors preferred  not  to  include  those  data  in  their  consid- 
eration of  changes  to  be  made  to  the  rates  in  tables  1  and 
2,  it  was  clear  from  observations  at  other  sites  (shown  in 
table  6  on  the  line  for  FBFM  4')  that  the  rates  for 
FBFM  4  needed  to  be  increased. 

Fire  Behavior  Fuel  Model  5 — shortage  of  data  for 
this  fuel  model  did  not  provide  a  basis  for  changing  the 
adjusted  rates  in  tables  1  and  2.  If  any  adjustments  were 
to  be  made,  the  few  data  indicate  that  adjusted  rates 
should  be  increased  slightly  for  upslope  production  in 
slope  class  1,  and  that  downslope  rates  should  be  de- 
creased for  slope  classes  1  and  2. 

Fire  Behavior  Fuel  Model  6 — Large  granite  boulders 
presented  formidable  obstacles  at  two  of  the  four  sites 
where  bulldozers  were  observed  in  this  fuel  model.  The 
boulders  caused  production  rates  that  were  consistently 
40  to  50  percent  below  the  adjusted  rates  in  tables  1 
and  2.  If  nothing  else,  the  observations  at  those  two  rocky 
sites  gave  good  measures  of  the  differences  in  production 
rates  to  be  expected  between  very  rocky  terradn  and  the 
assumed  condition  of  more  favorable  soil.  Using  only  the 
few  data  obtained  at  the  two  sites  where  some  rocks  were 
present  but  not  limiting,  the  observations  indicated  that 
the  production  rates  for  FBFM  6  should  be  increased  for 
slope  class  1  and  possibly  decreased  for  downslope 
operations  in  slope  class  2.  Those  conclusions  were  not 
really  valid,  however,  in  light  of  the  paucity  of  data. 

Fire  Behavior  Fuel  Model  7 — This  fuel  model  (south- 
em  rough)  does  not  occur  in  Cahfornia,  and  the  normal 
tactical  tool  used  to  construct  fireline  is  the  tractor/plow. 
For  the  purpose  of  providing  bulldozer  production  rates, 
however,  the  authors  assume  that  the  spacing  of  pine  and 
other  trees  would  not  unduly  restrict  the  passage  of  bull- 
dozers. The  resistance  to  fireline  construction  by  bulldoz- 
ers in  this  fuel  model,  therefore,  would  seem  to  be  about 
the  same  as  that  in  FBFM  6  (medium  brush).  With  that 


reasoning,  the  authors  combined  FBFM's  6  and  7  in  the 
display  of  fireline  construction  rates. 

Fire  Behavior  Fuel  Model  8 — No  data  were  gathered 
for  this  fuel  model.  Vegetational  conditions  for  this  model 
seem  to  offer  only  moderate  resistance  to  bulldozer 
operation.  As  with  FBFM  7,  the  authors  assume  that  the 
spacing  of  trees  in  FBFM  8  would  not  unduly  restrict  the 
passage  of  bulldozers.  The  only  obstacles  would  be  occa- 
sional "jackpots"  of  accumulated  dead  fuel  or  small  trees 
that  might  have  to  be  pushed  over.  Based  upon  this  as- 
sumption, bulldozer  production  rates  in  this  fuel  model 
could  be  combined  with  those  in  FBFM's  3  and  5. 

Fire  Behavior  Fuel  Model  9 — The  few  data  for  this 
fuel  model  indicated  that  the  adjusted  rates  in  tables  1 
and  2  were  too  low.  At  the  three  sites  where  observations 
were  made  in  this  fuel  model,  it  was  seen  that  medium- 
sized  bulldozers,  at  least,  could  easily  maneuver  among 
the  larger  trees.  Only  occasionally  was  the  construction 
of  fireline  slowed  by  the  need  to  push  over  a  sapling  or 
two  or  to  remove  a  fallen  tree.  For  the  most  part,  Une 
construction  weis  through  the  litter  of  leaves,  needles,  and 
fallen  branches.  Production  rates,  therefore,  were  consis- 
tently much  faster  than  those  shown  in  tables  1  and  2. 
Whether  this  increase  in  production  rates  would  be  true 
with  large  bulldozers  is  open  to  interpretation  based  upon 
spacing  of  large  trees  in  this  fuel  model.  If  large  bulldoz- 
ers had  been  used  at  the  same  three  sites  as  in  this  study, 
they  should  have  been  able  to  construct  fireline  at  the 
same  faster  rates  as  observed  for  the  medium  bulldozers, 
in  the  observer's  judgment. 

Fire  Behavior  Fuel  Model  10 — No  data  were  ob- 
tained for  this  fuel  model.  Therefore  no  changes  should 
be  made  to  the  adjusted  rates  shown  in  tables  1  and  2. 

Fire  Behavior  Fuel  Model  11 — Few  data  were  ob- 
tained for  this  fuel  model.  The  limited  number  of  data 
indicated  that  large  bulldozers  might  produce  fireline  at 
somewhat  greater  rates  upslope  for  slope  classes  1  and  2 
than  shown  in  tables  1  and  2,  but  at  somewhat  decreased 
rates  downslope.  The  few  data  for  small  bulldozers  also 
indicated  slower  production  rates  for  downslope  lines  than 
those  shown  in  tables  1  and  2. 

Fire  Behavior  Fuel  Model  12 — The  single  observa- 
tion made  in  a  medium  volume  of  slash  did  not  permit 
any  change  to  the  production  rates  in  tables  1  and  2  at 
this  time. 

Fire  Behavior  Fuel  Model  13 — No  data  were  ob- 
tained for  this  heavy  slash  model.  Therefore,  no  changes 
should  be  made  at  this  time  to  the  adjusted  rates  shown 
in  tables  1  and  2. 

One  objective  of  the  verification  study  was  to  confirm 
the  absence  of  production  rates  for  slope  class  4  in  tables 
1  and  2.  This  slope  class  was  omitted  because  the  class' 
midpoint  of  65.5  percent  was  at  or  above  the  maximum 
gradability  for  most  bulldozers.  The  CDPs  tests  in  1967 
showed  that  maximum  gradability  in  light  grass  and 
favorable  soil  type  averaged  75  percent  for  medium  bull- 
dozers with  raised  blades  in  forward  gear;  maximum 
gradability  was  about  65  percent  in  reverse  gear.  For 
small  bulldozers  the  corresponding  numbers  averaged  67 
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percent  in  forward  gear  and  56  percent  in  reverse  gear. 
Further,  the  1967  study  showed  that  hne  could  be  con- 
structed up  to  a  maximum  gradability  only  if  vegetation 
was  light  (low  resistance  to  line  construction)  and  soil 
conditions  provided  good  traction.  The  1967  study  also 
showed  that,  while  there  was  a  gradual  reduction  in  line 
production  for  steepening  grades  upslope,  there  was  a 
gradual  increase  in  line  production  for  steepening  grades 
downslope  to  the  point  where  steepness  caused  bulldozer 
operators  to  have  difficulty  in  backing  up  for  the  purpose 
of  clearing  their  blades  and  taking  another  run  at  cleaning 
the  line.  Some  bulldozer  operators  think  that  with  angled 
blades  they  can  work  downslope  without  having  to  back 
up,  thus  they  are  not  limited  by  maximum  gradability  in 
reverse  gear.  But  if  they  hang  up  against  a  tree,  stump,  or 
rock,  or  suddenly  lurch  into  a  steep  incline,  or  face  a  fire 
that  has  unexpectedly  changed  direction  and  is  coming 
directly  upslope  toward  them,  they  must  be  able  to  back 
up.  Hence,  maximum  gradability  in  reverse  gear  is  still  an 
important  limiting  factor. 

Maximum  gradability  was  reviewed  with  equipment  en- 
gineers and  with  instructors  of  bulldozer  operation.  They 
agreed  unanimously  that  maximum  gradability  for  newer 
machines  has  changed  little  since  the  CDF's  tests  in  1967. 
They  found  that  operator's  effectiveness  and  soil  condi- 
tions were  more  important  as  limiting  factors  than  recent 
improvements  in  bulldozer  power,  transmissions,  tracks, 
and  lubricating  systems. 

Nevertheless,  there  is  room  for  effective  line  construc- 
tion by  bulldozers  at  least  within  the  lower  part  of  slope 
class  4.  During  the  verification  study  one  experienced 
operator  was  measured  constructing  line  in  FBFM  4  (tall, 
mature  chaparral)  at  55  percent  grade,  downslope,  dry 
soil,  at  a  rate  of  44  chains  per  hour.  That  observation  and 
several  others  around  50  percent  slope,  both  upslope  and 
downslope,  confirmed  that  some  production  can  be  ex- 
pected within  slope  class  4. 

Given  the  few  data  from  the  verification  study  and  the 
large  number  of  important  variables  which  affected  those 
data,  how  could  the  fireline  production  rates  for  bulldozers 
be  presented  in  a  manner  most  useful  to  wildland  fire 
managers,  planners,  and  bulldozer  operators?  That  ques- 
tion had  to  be  answered  before  revising  tables  1  and  2. 

CRITERIA  FOR  DESIGNING  TABLES 
OF  BULLDOZER  FIRELINE 
PRODUCTION  RATES 

Before  designing  a  table  of  bulldozer  fireline  production 
rates  the  authors  examined  other  published  tables  and 
also  queried  several  wildland  fire  managers.  From  these 
examinations  and  discussions  came  the  following  criteria: 

1.  Differentiate  the  production  rates  by  four  variables: 

a.  Three  sizes  of  bulldozers. 

b.  The  13  fire  behavior  fuel  models. 

c.  Slope  classes  of  the  National  Fire-Danger 
Rating  System. 

d.  Direction  of  slope  (upslope  and  downslope). 

2.  Keep  the  table  simple,  especially  for  fireline 
handbooks: 


a.  Group  the  rates  for  as  many  fire  behavior  fuel 
models  as  practicable  and  reasonable. 

b.  Round  the  rates  off  to  the  nearest  5  or  1 0 
chains/hour. 

c.  Have  only  one  table  of  rates  for  all  bulldozers  of 
each  size  class;  use  a  range  of  rates  for  each  combination  of 
the  four  variables  listed  above. 

The  authors  found  no  difficulty  in  accepting  the  four 
variables  to  be  used  in  the  table.  The  three  sizes  of  bull- 
dozers, the  13  fire  behavior  fuel  models,  and  the  five  slope 
classes  of  the  National  Fire-Danger  Rating  System  are  all 
well  documented  and  accepted  as  standards  by  wildland 
fire  managers. 

But  sometime  in  the  past  differentiation  between 
upslope  and  downslope  was  dropped  for  bulldozer  produc- 
tion rates.  Why  this  happened  has  not  been  determined. 
As  the  rates  in  tables  1  and  2  show,  there  are  substantial 
diff'erences  between  upslope  and  downslope  production 
within  the  same  slope  class.  In  slope  class  1,  production 
rates  for  downslope  are  as  much  as  50  percent  greater 
than  for  upslope;  in  slope  class  3,  downslope  rates  are  as 
much  as  633  percent  greater.  Similar  differences  were 
shown  in  the  Forest  Service's  Fireline  Handbook  (USDA 
Forest  Service  1973)  for  Pacific  Southwest  Region  as  re- 
cently as  June  1973.  In  at  least  three  more  recent  publica- 
tions, however,  the  upslope/downslope  difference  in  pro- 
duction rates  has  been  dropped  and  only  a  single  rate 
given  for  each  slope  class  (National  Wildfire  Coordinating 
Group  1980;  Schmidt  and  Rinehart  1982;  USDA  Forest 
Service  1980).  Because  a  single  rate  is  not  realistic,  the 
authors  have  included  both  upslope  and  downslope  rates  in 
the  final  table  in  this  report. 

Side  slopes  may  adversely  affect  hne  production  by  bull- 
dozers, as  reported  by  the  CDF  in  1967  (California  Divi- 
sion of  Forestry  1967).  That  agency's  report  said  side 
slopes  did  not  significantly  affect  upslope  line  production; 
downslope  line  production  was  reduced  for  side  slopes  of  30 
percent  or  more,  the  amount  of  reduction  depending  on  the 
balance  of  the  individual  bulldozer.  During  the  verifica- 
tion study  of  1983-86,  no  effort  was  made  to  measure  the 
effect  of  side  slope  on  production  rates.  In  fact  most  line 
was  constructed  at  right  angles  to  the  contours,  and  side- 
slope  construction  played  a  minor  role. 

Grouping  bulldozer  fireline  production  rates  for  two  or 
more  fire  behavior  fuel  models  seems  feasible  and,  in  fact, 
has  been  done  in  virtually  every  recently  published  table, 
including  tables  1  and  2  of  this  report.  After  all,  fire  be- 
havior fuel  models  were  designed  to  reflect  differences  in 
expected  fire  behavior.  They  were  not  designed  to  give 
differences  in  the  fuel  models'  resistance  to  line  construc- 
tion by  bulldozers.  For  example,  it  is  very  evident  that 
bulldozers  should  be  expected  to  construct  fireline  at  about 
the  same  rate  in  both  fuel  models  1  and  2,  and  the  same 
thing  should  hold  true  for  other  combinations  of  fuel  mod- 
els. The  tricky  part  comes  in  deciding  what  the  combina- 
tions should  be,  especially  in  the  absence  of  sufficient  test 
data  for  production  rates  in  some  fuel  models. 

The  recently  published  Federal  tables  (National  Wildfire 
Coordinating  Group  1980;  Schmidt  and  Rinehart  1982; 
USDA  Forest  Service  1980)  displayed  some  combinations 
of  fuel  models  that  are  difficult  to  understand.  Fuel  model 
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2  (grass  in  open  conifer),  for  example,  was  combined  with 
fuel  models  4  (mature  chaparral),  9  (hardwood  litter/ 
conifers  West),  11  (light  slash),  and  12  (medium  slash).  At 
a  much  lower  rate  of  production  (apparently  judged  to  be 
more  resistant  to  hne  construction  by  bulldozers)  was  fuel 
model  3  (tall  grass)  combined  with,  among  others,  fuel 
models  5  (low  brush — why  more  difficult  than  fuel  model 
4,  tall  chaparral?),  and  13  (heavy  slash).  The  most  diffi- 
cult vegetative  types  for  bulldozer  line  construction  were 
judged  to  be  fuel  models  8  (timber  htter  in  closed  hard- 
woods) and  9  (hardwood  Utter);  those  two  types  had  the 
lowest  production  rates  for  all  three  sizes  of  bulldozers. 

Of  the  three  recent  Federal  pubhcations,  only  the 
NWCG  Fireline  Handbook  (National  Wildfire  Coordinat- 
ing Group  1980)  provided  a  single  production  rate  for  each 
fire  behavior  fuel  model  (for  each  size  of  bulldozer  and 
slope  class).  Apparently  that  single  rate  was  an  effort  to 
fulfill  the  fire  managers'  plea  for  "simple  tables"  for  field 
use.  The  other  two  publications  (Schmidt  and  Rinehart 
1982;  USDA  Forest  Service  1980)  recognized  that  each  fire 
behavior  fuel  model  was  actually  represented  by  a  variety 
of  vegetational  types.  Again,  the  vegetational  varieties 
might  be  grouped  from  the  standpoint  of  fire  behavior  but 
not  necessarily  according  to  their  resistance  to  line  con- 
struction by  bulldozers.  For  example,  it  seems  apparent 
that  there  may  be  significant  differences  in  the  rates  for 
different  vegetational  types  within  fuel  model  6  when  you 
compare  "southern  hardwood  shrub  with  pine  slash  resi- 
dues" to  "pinyon-jimiper  with  sEigebrush  and  grass  inter- 
mixed." The  former  vegetational  type  presents  a  rather 
continuous  fuel  bed  of  resistive  vegetation;  in  the  latter 
vegetational  type,  a  bulldozer  can  usually  maneuver  easily 
among  scattered  pinyon  pine  and  juniper  trees  and  con- 
struct fireline  through  the  sparse  sagebrush  and  grass  at  a 
comparatively  fast  rate  of  speed.  And  apparently  there  is 
a  considerable  difference  to  be  expected  in  bulldozer  pro- 
duction rates  in  fuel  model  9  between  hardwood  litter  in 
the  Western  States  and  in  the  Southern  States;  depending 
on  bulldozer  size  and  slope  class,  the  Federal  tables  show 
rates  are  lower  in  the  Southern  States  by  67  percent  to 
233  percent.  The  question  is  whether  or  not  those  differ- 
ences are  real. 

So,  if  simplicity  of  tables  of  bulldozer  production  rates  in 
fireline  handbooks  is  to  be  achieved  through  combining 
fire  behavior  fuel  models,  great  care  must  be  given  in  how 
the  task  is  accomplished. 

Simplifying  tables  of  production  rates  by  rounding  off 
rates  to  the  nearest  5  or  10  chains/hour  was  easier  to  do. 
The  suggestion  came  from  fire  managers  who  pointed  out 
the  large  variance  in  bulldozer  production  rates.  If  a  fire 
manager,  using  a  table  of  bulldozer  production  rates,  cal- 
culates that  a  particular  fireline  can  be  constructed  in  4 
hours,  the  actual  time  may  turn  out  to  be  anywhere  from  2 
to  8  hours.  The  variation  can  occur  because  of  operator 
skill,  age  and  condition  of  the  equipment,  amount  of  rock 
outcrops  encountered,  condition  and  age  of  the  vegetation, 
variations  in  vegetational  type,  number  and  density  of 
large  trees  that  have  to  be  moved,  air  temperature,  and  so 
forth.  Many  of  these  variables  can  be  evaluated,  and  ap- 
propriate adjustments  can  be  made  in  the  tabulated  pro- 
duction rates  and  in  the  expected  completion  time.  But 
then  there  are  possibilities  that  do  not  enter  into  the  equa- 


tion, such  as  equipment  breakdown  or  a  rock  outcrop  that 
may  stall  a  bulldozer's  progress  for  hours.  Basing  their 
thinking  on  the  many  known  variables,  fire  managers 
suggested  that  rates  like  "7"  or  "21"  or  "68"  appeared  to  be 
precise,  which  they  were  not.  Therefore,  why  not  use  "5," 
"20,"  and  "70"?  The  latter  set  of  numbers,  they  suggested, 
would  be  easier  to  use  on  actual  fires.  Perhaps  they  are 
right. 

Finally,  the  fire  managers  suggested  that  there  should 
be  only  a  single  table  of  production  rates.  They  pointed  out 
that  the  differences  in  rates  shown  in  table  1  (for  bulldoz- 
ers manufactured  since  1975)  and  table  2  (for  bulldozers 
manufactured  between  1965  and  1975)  were  not  great. 
The  differences  in  rates  were  certainly  well  within  the 
variation  caused  by  other  factors  such  as  operators'  skills, 
vegetative  types,  soil  types,  etc.  A  single  table,  they  sug- 
gested, could  present  a  range  of  rates  for  each  set  of  the 
four  primary  variables  with  rules  about  how  to  use  the 
rates  in  relation  to  assumed  and  real  conditions. 

Considering  the  many  variables  affecting  the  effective- 
ness of  bulldozers  in  the  construction  of  firelines,  it  was 
somewhat  difficult  to  provide  what  the  fire  managers 
sought:  a  simplified  table  of  production  rates. 

REVISED  TABLE  OF  BULLDOZER 
FIRELINE  PRODUCTION  RATES 

Taking  into  account  the  observations  made  during  the 
verification  study,  the  characteristics  of  tables  found  in 
recent  Federal  publications,  and  comments  by  experienced 
fire  maneigers,  the  authors  recalculated  bulldozer  fireline 
production  rates  and  prepared  new  curves  (figs.  2-4). 
Table  7  was  then  constructed  by  reading  from  the  curves 
the  range  of  rates  and  the  midpoint  rate  for  each  set  of 
variables.  The  rates  were  rounded  off  to  the  nearest 
5  chains/hour  except  for  those  rates  below  10  chains/hour. 
At  the  bottom  of  the  table  are  rules  for  using  the  range  of 
rates.  Those  rules  specify  when  to  use  higher  rates  within 
each  range,  when  to  use  lower  rates,  and  when  to  use  the 
midpoints. 

Table  7  shows  the  Kmitations  of  operating  bulldozers  in 
slope  class  4.  Fire  managers  wishing  to  plan  for  bulldozer 
operations  in  the  lower  range  of  slope  class  4  may  need  to 
derive  rates  from  the  curves  in  figures  1-3.  Generally, 
bulldozers  will  not  be  able  to  construct  fireline  at  the  up- 
per range  of  slope  class  4,  either  upslope  or  downslope, 
except  under  the  most  favorable  conditions  of  soil  (some- 
what moist  and  no  obstructing  rocks)  and  air  temperature 
(between  65  and  85  °F). 

Table  7  does  not  differentiate  among  various  vegeta- 
tional types  that  may  occur  within  a  single  fire  behavior 
fuel  model.  That  omission,  done  for  the  sake  of  simplicity 
in  the  table,  can  be  a  serious  shortcoming.  Users  of  the 
tables  should  use  lower  rates  for  the  more  resistive  vegeta- 
tive types  within  a  fuel  model  and  higher  rates  for  less 
resistive  types,  as  stated  in  the  rules  for  using  the  table. 

Admittedly,  the  curves  and  table  are  subjective  compro- 
mises of  all  available  data  and  information.  Considering 
the  many  variables  that  affect  the  rates,  however,  they  are 
reasonably  accurate  for  use  in  fire  management 
planning. 
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Figure  2 — Production  rates  for  large  bulldozer,  single  pass. 
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Figure  3 — Production  rates  for  medium  bolldozer,  single  pass. 
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Table  7 — Bulldozer  fireline  production  rates  (single  pass)  in  chains  per  hour;  shown  as  a  range  of  rates  for  each  slope  class, 
followed  by  the  midpoint  rate  in  parentheses 


Fire  behavior         Upslope  or  Slope  class  1  Slope  class  2  Slope  class  3  Slope  class  4 

fuel  model  downsiope  (0-25%)  (26-40%)  (41-55%)  (56-74%) 


Small  bulldozers 

I,  2 

3,  5,  8 
4 

6,  7,  9 

II,  12 

10,  13 

Medium  bulldozers 
1,  2 

3,  5,  8 


Chains  per  hour 


Up 
Down 

Up 

Down 

Up 
Down 

Up 
Down 

Up 
Down 

Up 
Down 


Up 
Down 

Up 
Down 


55-90(75) 
90-110(105) 

45-70(60) 
70-80(80) 

20-35(30) 
35-40(40) 

35-55(45) 
55-60(60) 

15-25(20) 
25-30(30) 

8-15(10) 
10-15(15) 

85-125(110) 
125-145(140) 

70-105(85) 
105-120(115) 


30-55(45) 
90-110(105) 

25-45(35) 
65-80(75) 

10-20(15) 
25-40(35) 

15-35(25) 
40-60(55) 

7-15(10) 
10-30(20) 

3-8(6) 
5-10(9) 

60-85(75) 
130-145(145) 

45-70(55) 
105-120(115) 


8-30(20) 
20-90(70) 

2-25(10) 
0-65(45) 

0-10(4) 
0-25(8) 

0-15(8) 
0-40(20) 

0-7(2) 
0-10(3) 

0-3(1) 
0-5(2) 

30-60(45) 
75-130(110) 

15-45(30) 
55-105(85) 


0-8(0) 
0-20(0) 

0-2(0) 
0 

0 
0 

0 
0 

0 

6 

0 
0 


0-30(6) 
0-75(0) 

0-15(0) 
0-55(0) 


Up 
Down 


35-60(45) 
60-75(70) 


20-35(25) 
65-76(75) 


2-20(10) 
20-65(50) 


0-2(0) 
0-20(0) 


6,  7,  9 


Up 

Down 


50-85(70) 
85-100(95) 


30-50(40) 
85-100(100) 


7-30(20) 
40-85(70) 


0-7(0) 
0-40(0) 


11,  12 


Up 

Down 


25-40(30) 
40-55(45) 


15-25(20) 
45-55(55) 


1-15(7) 
0-45(35) 


0-1(0) 
0 


10,  13 


Up 

Down 


10-20(15) 
20-25(25) 


7-10(8) 
20-25(25) 


0-7(3) 
0-20(10) 


Large  bulldozers 
1,  2 


Up 

Down 


100-140(120) 
140-155(150) 


70-100(85) 
140-155(155) 


35-70(55) 
85-140(115) 


0-35(10) 
0-85(0) 


3,  5,  8 


Up 
Down 


75-110(95) 
110-130(125) 


50-75(60) 
110-130(125) 


20-50(35) 
55-110(85) 


0-20(1) 
0-55(0) 


Up 


45-70(60) 


30-45(35) 


8-30(20) 


0-8(0) 


Down 


70-85(80) 


75-85(80) 


25-75(55) 


0-25(0) 


6,  7,  9 


11,  12 


Up 
Down 

Up 
Down 


65-95(80) 
95-110(105) 

35-55(45) 
55-65(60) 


40-65(50) 
90-110(105) 

20-35(25) 
55-65(60) 


15-40(25) 
50-90(70) 

3-20(10) 
6-55(40) 


0-15(0) 
0-50(0) 

0-3(0) 
0-6(0) 


10,  13 


Up 
Down 


20-35(30) 
35-40(40) 


9-20(15) 
30-40(40) 


0-9(4) 
0-30(15) 


Rule  for  using  the  table:  Production  rates  are  not  precise  but  will  vary  witli  conditions.  The  midpoint  rates  (parentheses)  should  be  used  for  special 
studies,  such  as  the  USDA  Forest  Service's  fire  economics  analysis.  The  higher  rate  for  each  set  should  be  used  for  the  following  conditions:  newer 
bulldozers  (1975  or  later  model),  bulldozers  in  excellent  operating  condition,  most  qualified  operators,  ambient  air  temperature  of  less  than  90  °F, 
moist  soil,  few  or  no  rocks,  no  lost  time,  indirect  fireline,  average  fire  behavior,  daylight  operations,  and  less  resistive  vegetative  types  within  each  fire 
behavior  fuel  model.  The  lower  rate  for  each  set  should  be  used  for:  older  bulldozers  (1975  and  older),  bulldozers  in  poorer  operating  condition, 
poorly  qualified  operators,  air  temperature  of  90  °F  or  more,  very  dry  soil,  very  rocky  soil,  anticipated  lost  time,  direct  fireline,  high-intensity  fire 
behavior,  night  operations,  and  more  resistive  vegetative  types  within  each  fire  behavior  fuel  model.  For  combinations  of  these  conditions,  use  rates 
somewhere  within  the  range  given  for  each  set. 
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Users  of  the  rates  should  be  mindful  of  the  rule  of  use 
at  the  bottom  of  table  7  gind  of  the  discussion  in  this  publi- 
cation. The  rule  reflects  what  was  observed  during  the 
verification  study,  especially  in  relation  to  two  critical 
factors:  soil  and  equipment  operators.  Moist  soil  which 
provides  good  traction  may  increase  midpoint  rates  by  100 
percent  or  more.  In  the  opposite  sense,  the  presence  of 
large  boulders  or  rock  outcrops  may  decrease  the  mid- 
point rates  by  60  to  70  percent.  Even  harmless- 
appearing  flat  slate  can  be  a  frustrating  obstacle  to  expe- 
rienced operators;  bulldozer  blades  continuously  hang  up 
on  flat  slate  that  lies  at  a  slight  upward  angle  opposed  to 
the  direction  of  a  bulldozer's  travel.  Inexperienced  opera- 
tors, observed  at  least  twice  during  the  verification  study, 
produced  slow  production  rates  because  they  either 
wasted  much  motion  by  fighting  adverse  terrain  or  vege- 
tation, or  they  were  overly  cautious  and  slow.  Other  con- 
ditions that  might  cause  construction  rates  to  fall  into  the 
lowest  range  of  the  table,  or  even  lower,  are  as  follows: 
night  operations,  poorly  maintained  equipment,  ambient 
air  temperature  over  100  °F,  a  very  resistive  vegetational 
type  within  a  given  fuel  model,  time  lost  to  mechanical 
breakdown  or  abandoned  firelines,  or  other  causes.  On 
the  other  hand,  a  superior  operator,  ambient  air  tempera- 
ture in  the  range  of  65  to  85  °F,  vegetation  that  less  se- 
verely restricts  a  bulldozer's  progress  than  represented  by 
the  fuel  model  in  the  table — all  these  things  and  others 
will  likely  produce  rates  at  or  above  the  highest  rate  of 
each  range. 

To  sum  up,  the  bulldozer  fireline  production  rates  in 
table  7  are  guides,  as  the  rule  states.  Those  who  use  the 
table  should  understand  how  the  rates  were  derived  and 
adjust  them  according  to  conditions  actually  encountered 
on  a  specific  fire. 
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improve  management,  protection,  and  use  of  the  forests  and  rangelands  of  the  Intermoun- 
tain West.  Research  is  designed  to  meet  the  needs  of  National  Forest  managers,  Federal 
and  State  agencies,  industry,  academic  institutions,  public  and  private  organizations,  and 
individuals.  Results  of  research  are  made  available  through  publications,  symposia,  work- 
shops, training  sessions,  and  personal  contacts. 

The  Intermountain  Research  Station  territory  includes  Montana,  Idaho,  Utah,  Nevada, 
and  western  Wyoming.  Eighty-five  percent  of  the  lands  in  the  Station  area,  about  231 
million  acres,  are  classified  as  forest  or  rangeland.  They  include  grasslands,  deserts, 
shrublands,  alpine  areas,  and  forests.  They  provide  fiber  for  forest  industries,  minerals 
and  fossil  fuels  for  energy  and  industrial  development,  water  for  domestic  and  industrial 
consumption,  forage  for  livestock  and  wildlife,  and  recreation  opportunities  for  millions  of 
visitors. 

Several  Station  units  conduct  research  in  additional  western  States,  or  have  missions 
that  are  national  or  international  in  scope. 
Station  laboratories  are  located  in: 

Boise,  Idaho 

Bozeman,  Montana  (in  cooperation  with  Montana  State  University) 
Logan,  Utah  (in  cooperation  with  Utah  State  University) 
Missoula,  Montana  (in  cooperation  with  the  University  of  Montana) 
Moscow,  Idaho  (in  cooperation  with  the  University  of  Idaho) 
Ogden,  Utah 

Provo,  Utah  (in  cooperation  with  Brigham  Young  University) 
Reno,  Nevada  (in  cooperation  with  the  University  of  Nevada) 

USDA  policy  prohibits  discrimination  because  of  race,  color,  national  origin,  sex,  age, 
religion,  or  handicapping  condition.  Any  person  who  believes  he  or  she  has  been 
discriminated  against  in  any  USDA-related  activity  should  immediately  contact  the 
Secretary  of  Agriculture,  Washington,  DC  20250. 


